20

25

SPECIFICATION

WATER-BASED LUBRICANTS CONTAINING SULFUR

5 AS A COORDINATING ATOM AND USES THEREOF
ﬂl/4 /::::>
- , ‘

Technical Field

The present invention relates to agqueous lubricants that
are coated onto either the surface of a metal material or the
molding surface of a metal mold, or both, to form a lubricating
film on the metal surface, so fhat friction betweeﬁ the material
and the mold is reduced, thereby enabling satisfactory plastic
working of the metal. The present invention furthef'relates t§
methods of using the aqueous lubricant and to chemical substances
that are particularly suited for prpduction of the aqueous

lubricant.

Background Art

Whén avmetal'material‘is subjected to plastic WOrking,
such as forging, extrusion, drawing, rolling or pressing, a
lubricant film must be disposed on the surface of'the metal
material and/or the molding surface of the metal.mold to reduce
friction between the material and the‘mold and the prevent the
4generation of drag, seizures and the like.

In most cases, the metal is immersed in a zinc phosphate

solution to produce a zinc phosphate or iron phosphate chemical

film (hereafter referred to as "phosphate £film") on the surface,
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and then further immersed in a sodium soap or the like to produce
a metallic soap layer on the surface. This process creates a
surface protective layer of satisfactory quality, and allows
heavy working (meaning working of material surfaces with large
elongation rates). However, this process requires washing
treatments with cold water, hot water or‘acid, as well as
different types on equipment. Such treatments also require long
periods of time, thus lengthening the lead time. Usually, 30
minutes or J_.onge_r is neqes.s_ary to complete a series of treatments.
It is also necessary to accomplish.a single sufface treatment
of the entire portion of the metal that is subjected to plastic
working in a subsequent step during the treatmenf tipe, and
therefore this process 1s not suitable for production of small,
sundry products,

In order to overcome these problems, the use of working
0oils has been proposed. For example, Japanese Laid-Open Patent
Publication No. 7-118682 teaches a working 6;1 prepared by
dispersing in a mineral oil a zinc or molybdenum salt, such as
zinc dithiophosphate, molybdenum dithiocarbamate or the like,
which has been rendered lipophilic by the introduc£ion of a higher
alkyl group. This working oil solves most of thé aforementioned,
problems, but because the main component is oil, it creates
problems , such as contamination due to adhesion of the oil to
surrounding machines and generation of cilmist. In other words,

contamination of the working environment is unavoidable. A
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number of other problems also remain, such as the need to degrease

the material surface after plastic working.

Disclosure of the Invention
5 The pfesent invention overcomes the problems mentioned
abdve, and allows formation of lubricating films on surfaces by
applicafion of aqueous lubricants containing no oil. Because
no oil is used, the prbblems of working environment contamination
and the need for subsequent degreasing treatment are solved.
Beéause a simple applicatioh is sufficient, a solution is also

provided to the problems of large equipment requirements and the

need to accomplish simultaneous treat‘ment of large volumes of
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materials.
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15 lubricant\itself, in which the aqueous lubricant comprises a
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The invention according to claim 1 relates to the aqueous

w3

metal chelat

compound suspended or dispersed in water. The
metal chelate c mpound described‘ herein comprises a polydentate

or multidentate chelate ligand in which at least one of the

c‘:oofdinating atoms is\sulfur, coordinated to a qoordination site
20 of at least one metal species selected fa:‘om among zinc, manganese,
iron, molybdénum, tin and Mantimony. For the purposes of this
explanation, the term "suspe ion" is infended to meah a metal
cﬁeiafe compound distributed in Ater , for exan-lple . by continuous
stirring. The term "dispersion"” s intended to mean a metal

25 chelate compound distributed in water WWithout precipitation, by
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use a surfactant or the 1like. Anionic and non-ionic

surfactants. are suitable for dispersion of the metal chelate
compounds in wat

The metal may have multiple coordination sites and the
chelate ligand may be coordinated to all the multiple
coordination sites. Alternatively, the chelate ligand may be
coordinated to only some of the multiple coordination sites;
thereby allowing coordination of a species other than the chelate
ligand to'the;remaining coordination sites. The lubricant can
be produced by diépersinglthe prepared mefal chelafe compound
in water, or it may be produced by adding the chelate liéandbto
an aqueous solution containing a metal salt. The metal species
may be ahy of one or more desired species, and a greater number
of species will expand the range of workable conditions and
workable metalé.

The aqueous lubricant is applied ontovthe surface of a
metalAmatérial and/or the molding surface of a metal mold to form
an effective lubricating film on the metal surface. Because the
lubricating film has sulfur as a coordinating atom, extreme
pressuré produces sulfur radicals through decomposition by
friction or tribo-chemical reactions. The sulfur radicals are
highly reactive, énd react rapidly with the metal surface to
produce metal sulfides, which have a lubricating effect. The
sulfur radicals also react with the metal ions (one or more

selected from among zinc, manganese, iron, molybdenum, tin and
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antimony) produced by decomposition of the metal chelate compound,
also producing metal sulfides having a lubricating effect. The
aqueous lubricant thus exhibits a satisfactory lubricatihg
effect.

The invention according to claim 2 relates to chemical

subshances particularly suited for production of the aqueous
lubricaint. The chemical substances are multi-ligand metal
chelate compounds, in which a polydentate 01: multidentate chelate
ligand having\sulfur as at least one of the coordinating atoms
coordinates by paxtially £illing the multiple coordination sites
of the one or more

metal species seleéted from among zinc,

manganese, iron, molybdenum, tin and antimony, whereas ligands

that do not have sulfur a coordinating atom coordinate to the
B remaining coordination sikes. That is, the chelate ligand is

chafacterized as having sulf as a coordinating atom that does

not £ill all the coordination ites of the metais, so that it

is not coordinated to some of the ordination sites. When the
multi-ligand metal chelate compouny is used as an adqueous
lubricant suspended or dispersed in water, a very satisfactory

20 lubricating f£film is produced.

_ :! 63 "\The invention according to claim 3 also relates to a
é /Zmical bstance particularly suited for production of the

nt. The chemical substance is characterized in

agqueous lubri
that a chelateﬁgand having sulfur as a coordinating atom is

25 coordinated to some the multiple coordination sites of the-



mekxal, whereas a hydroxide ion, condensed phosphate,
polycarboxylic | high molecular activator and/or .
polyoxycarboxylic acid are coordinated to the remaining

coordination site
5 In the multi-ligand metal chelate compound, a chelate
ligand having sulfur as a coordinating atom is strongly
coordinated with the metal, and a hydroxide ion, condensed

phosphate, polycarboxylic high molecular activator and/or

polyoxycarboxylic acid are weakly coordinated with the metal via

oxygen anions. When the multi-ligand metal chelate compound is
used as an aqueous lubricant suspended or dispersed in water,
a very satisfactory lubricating £ilm is produced.

The aqueous lubricant according to claim 5 has a soluble

phosphate salt, a sqluble polycarboxylic high

ig molecular tivatorand/ofaisolublepolyoxycarbokylicacidsalt

added to the aforemehtioned aqueous lubricant. Addition of
these adjuvants proveétheperformanceofthelubricatingfilm.
A soluble condensed phosphate salt will associate with the

surfactant - present \in the system, thus increasing the

20 dispersability of the\ metal chelate compound that forms

hydrophobic fine particl s. A soluble polycarboxylic high
molecular activator or soluble polyoxycarboxylic acid salt will
increase the adhesion of the lubr catingfilmtothenwtalsurface.
Using an équeous lubricaht containing such adjuvants will allow

25 more intense heavy working.
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“)0 $5 The invention according to claim 6 relates to a process
z;orm g a lubricating film on a phosphate £ilm using an agueous

solution, i the phosphate £film had already been formed on a meté.l

surface. In thi rocess . ametal material on which the phosphate
5 £film has already beemformed is immersed in an agueous solution

‘of a multidentate or polydentate chelate ligand having sulfur
as at least one of Ithe coordimating atorﬁs, s;) that the chelate
ligand reacts Qith the zinc ion and¥or iron ion in the phosphate
film to produce a crystalline multi‘-liga metal chelate compound

on the phosphate £film. This process takes avantage of both the

lubricating effect of the phosphate film and \{he lubricating

action of the metal chelate compound, in which ‘sulfur is a
coordinating atom chelated to the zinc ion and/or ir ion.

The invention according to claim 7 also relates to a
cess of forming a lubricating £ilm on a phosphate f£film. In
this pro&ess, the phosphate film is formed on a metal material
and the metil material is then imx'ner-sed in an aqueous lubricant
according to chaim 4 or 5. A ligand, which is ndt a ligand having

sulfur as a coord'néting atom, reacts.with the zinc ion and/or -
20 iron ion in the pRosphate film tq produce a crystalline

polynuciear metal chelate compound on the phosphate £film. This

process takes advantage o both the lubricating effect of the
phosphate film and the lubrisating action of the metal chelate
compound, in which sulfur is a ordinating atom chelated to a

25 metal.
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The invention according to claim 8 relates to a method

of using the agqueous lubricant, in which prior to plastic working
of the metal material., an aqueous lubricant according to claim
1, ‘4 or 5 is applied onto either or both surfaces of the metal
material and.t_‘h molding surface of the metal mold to form
lubricéting films Qn those surfaces, thus allowing plastic
working of the metal material with a 1ﬁbricating film formed on
the surface.

The invention will be more fully appreciated in light of

the explanation that follows.

Best Mode for Practicing the Invention

First, an embodiment of a metal chelate compound will be
explained in wh:l.qh at least one metal species selected from among
zinc, manganese, iron, molybdenum, tin and antimony is chelated
and at least one of the coordinating atoms is sulfur. Chémical
structures 1-28 below are examples of such metal chelate
compounds, éndvthe chelate ligands in chemicdal structures 1-:

28 (the compounds adjacent to M in the structures) react with

the above-mentioned metal ions in aqueous solution or in water

or organic solvents (alcohols, ketones and dioxane) to produce
crystalline precipitates that are insoluble in water. The
coordinated structures of the crystalline precipitates are shown
in chemical structures 1 through 28. The "crystalline

precipitates produced thereby are metal chelate compounds. The
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crystalline precipitated metal chelate compounds are made minute
and one, two or more different metal chelate compounds are
suspended or dispersed in.water‘po generate agqueous lubricanté.
In the structures,AM represents divalent zinc, diﬁalent
or trivalent manganese, divalent or trivalent iron, trivaleﬁt,
tetravalent or pentavalent molybdenum, divalent [ (MoOS)21%",
divalent [M028d2+, divalent or tetravalent tin, trivalent or
peﬂtavalent antimony, divaleht Méo Qrvmonovalent-MoOS.
Inchemibalstructures1-12,15,16,18,19and28,11varies

depending on the M species. For example, when M is zinc, tin

or antimony, n=1 or 2; when M is manganese or iron, n=1, 2 or

3; and when M is molybdenum, n=1 or 2. In the case of zinc, for
example, if n=1,' the chelate ligand having sulfur as a

coordinating atom only coordinates with two of the four

.coordination sites of zinc. 1In this case, the two remaining

cooidination sites coordinate with a chelate ligand'that does
nb'i: Jffave sulfﬁr as 'a coordinating afom, such as" a h&drox'ide ion,
condensed phosphate, polycarboxylic high moIecular activator
and/or polyoxycarboxylic acid. General'ly, this means that when
the number of coordination sites of the metal M in the following
chemical structures cannot be filled by a chelate 1igand having
sulfur as a coordinating atom, a chelate ligand containing no
sulfur, such as hydroxide ioh, condensed phosphate,
polycarboxylic high molecular activator vand/or

polyoxycarboxylic acid, coordinates to the coordination sites
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of the metal that are not coordinated with the chelate ligand

having sulfur as a coordinating atom.

[Chemical formula 1]

[M(CS\CN<2;) ]

wherein R; and R: may.be the same group, in which case R; (=R3z)
is H, -CH,, -C,Hs, -C3H; (straight chain), iso-C3H;, -C4H, (straight

chain), iso-C4Hy., tert-C4Hs or -CgHs. R, and R, also may be

different, and when R; is H, R, is -CHa, -C;Hs, -C3;H; (straight
w chain), iso-Cs3H;, -C4Hs (straight chain), iso-C4Hy, tert-C4Hy or

-C4H, (straight chain). When R; is -CH; or -CpHs, Rz 1s -C¢Hs.

15 [Chemical formula 2]

S~ ~ CHz -CHa ) ]
[M<S/CN\CH2-CH2/CHR n

wherein R is H, -CH; or -CzHs.

20

[Chemical formula 3]



N -

SN .y~ CHz -CHz~_ ) ]
[MZCS/CN\CHz-CHz/O n
[Chemical formula 4]

. _M_/S\ ~CH2 -CH2 /S\M
5 n\S/GN\CHz cH.~NCNs_ =5

[Chemical formula 5]

[M{tg) C-NH-GH: Q@’B) ) ]

B wherein R is ortho-~-NO,, para-NO,, meta-OCH;, meta-CH; or meta-CzHs.

[Chemical formulaA6]

_ SN ANLL } /R) )
s EA S/CNH02H4. N\R n:l

-

wherein R is -CH,, -Cz:Hs, -C3H; (straight chain) or iso-C3H;.

[Chemical formula 7] .

20



EA(CS} C-NH-Cz Ha -S-R) i ]

wherein R is a hydrogen atom or an alkyl group of 1-12 Carbbn

atoms.

{Chemical formula 8]

R‘, |¥-CR2H3{CR4R5)ZCR6 R~

AN\
S S
M7
n

When m=1 and 1=0:
R1§R3, and Rg-Rg are H,

R, is -CH; and R»~Ris, R¢-Rs are H,

Ry is -CyHs and R;-Rs, R¢-Rs are H,

R; is -C;3Hj (straight chain) or iSo—Cﬂﬁ ahd R2-R3, R¢-Rs
15 are H, |

R; is -thv(straight chain), iso-C4Hs or tert-C,Hs, and

R2-R3, R¢-Rg are H,

R, and R; are -CH; and R;, R¢-Rs are H,

R, and Rs are -CH; and Ry, Ris, R,-Rg are H,
20 ) R2, R3, Re¢ and R; are -CH; and.R; and Rg are H,

R; and Rg are -CH; and R,-R,, R¢-R, are H,



R; and Rg are -Cz;Hs and R;-R3, Rs-R; are H,
R; and Rg are -C3Hs (straight chain) or iso-C3;Hs and R,-R,,
R¢, Ry are H,
R; and Rg ére -C4Hs (straight chaip), iso-C4Hy or tert-
5 C4Hs and Rp-Ris, R¢-R; are H, or
R, and R¢ are ~C¢Hs and R;, Ri, Ry-Rg are H. .
When m=1 and 1=1,
R;-Rs are H, or
Ry and Rs are -CH; and R;-Rj, RG-R7j'ar,e H.
When m=1 and l=2-f; | | |
R;-Rg are H.
Wﬁen m=2-9 and 1=0,
R;-Rg are H, or
Rz is -CH; and Ri, Ri, R¢-Rg are H.:

: When m=2-9 and 1l=1,

R;-Rg are H.

[Chemical formula 9]

20 | nes#

{Chemical formula 10]



CHz*CHe\
Hz2C /CHz
CH-CH
/ \
cis- or trans- M— \C —NH R
nw.\z
S
S
N\
R=H or NH—c? *M
VaRt!
[Chemical formula 11]
MsS<o \ne CaNs_ GaHa~NH—~CZ S\M
n xg? ’ s/ n
M8 SN=C2N4~N] S\ M
N\ —_
n\SéC NH—C2N4 CzHs—NH~ C Parw Y

[Chemical formula 12 ]

S\
: /C‘—-O—-R
10 ' S n

-

wherein R is a linear or branched alkyl group of 1-12 carbon atoms

[Chemical formula 13]

15 \

14



wherein R is H, 1=2-3 and m=1, or

,

R is an alkyl group of 1-12 carbon atoms, 1=2-3 and m=2-3.

[Chemical formula 14}

R1
A ]
S'“—'C¥32R2
s M /CRZRS
. oO—
i C%\
0 m

10 wherein R;-R; are H and m=1,

+ Ry is an alkyl group‘of 1-12 carbon atoms, R2-R3 are H and m=2,
or

R;-R; are H, R3 is -NH, and m=2.

15 [Chemical formula 15]



TN,

S\ 2N
M C
|
S
n
[Chemj.cal formula 16]
FH / CH \ R
(@)
£ : | 2
D _ N i
8
N\ /
M
= 5 n
i wherein R is H, 1=1-6 and n=2-3, or
j‘ R is -COOH, 1=1-6 and n=2-3.
e
10 [Chemical formula 17]

o Rz .
i | T
/(—CH)I\ P R1
CHz
HzC—S/ \S CHz_l

wherein R; and R, are H and 1=2-12,

16



Ry is H, R, is -CH3 and 1=2-12,
R; 1is -C;H4S™, R, is H and 1=2-12, or

Ry is -C2H4S-, R, is CH; and 1=2-12.

5 [Chemical formula 18]

N
CH CH N R1
/ 2 /\CH
th——'N‘~s;‘w >__&1 : 2
H2C n CH:2
~ N s
H2C—S S

_ ' / m

tz wherein R; and R, are H, 1=1-2, m=1-6 and n=2-3, or

40 R, is -C;H,S, R, is H, m=1-6 and n=1.

[Chemical formula 19]

7=
¥

15

[Chemical fbrmula 201



wherein 1 is 0, 1, 2 or 3,
R, and R; are H, -CHis, -C;Hs, -C3H; (straight chain) or iso-C3H,,
-5 Ry is H and R; 1s CH;, -C;Hs, -C3H, (straight chain) or iso-CaH,,
or | |
R; is -~C,H; and’Rz is -C¢Hs,

X is an anionic monodentate ligand and n=2-3.

[Chemical formula 21]

N ‘ - N
N s
QC_Je-sto~e IO
) S S

Xn

wherein 1 is 0, 1, 2 or 3,

15 X is an anionic monodentate ligand and n=2-3.

-

[Chemical formula 22]



CH2~CH:2 (S) -5 CH2—CH:> :
/ N\ 7 AN Ve \.
R—CH N-C C—-N CH-R
\ 7/ ] i} N
CH2—CH: S S CH2—CH:
S -4
MXn

wherein R is H and 1=1-4, or

R is an alkyl group of 1-3 carbon atoms and l=1-4;.

5 X is an anionic monodentate ligand ahd n=2-3.

[Chemical formula 23]

CH2—CH: S—+S. CH2—CH:
Ve 'ﬁ“/ \N/' . \
= /7 N\ &N\

O
N : /
CH2—CH2 MXn CHz2—CH:

W

=
=y
s

wherein X is an anionic monodentate ligand and n=2-3.

R

i

[

a!ﬁ:ﬁ

[Chemical formula 24]

| R —Q—S(—;—@—R
- 15 , MXn

-

wherein R is H;.-CH3, -OCHz, -OH or -C¢Hs,

" X is an anionic monodentate ligand and n=2-3.

20 [(Chemical formula 25]



o) | -

rR— ) CHz—S\—l?*CH%—@— R
MXn

wherein R is H, -CH;, -OCH; and -OH,

5 X is an anionic monodentate ligand and n=2-3.

[Chemical formula 261]

CH2—S8-}+S—CH:

P,

R

s

JURE

——
i

[Chemical formula 27])

CmHzm+r—-S¥—S¥—CmHzm+1

\ ¥
MXn

15

‘wherein m=1-12, X is an anionic monodentate ligand

-

and n=2-3.

[Chemical formula 28]
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S OR n

wherein R is an alkyl group (C=1-12).

As clea:ly seen in chemical structures 1-28, in thesemetal
chelate compounds, at least oné coordinating atom is suifur,
which is chelated to at least one metal species seleqted from
among zinc, manganese, iJ:;on, molyb,dezium, tin and antimony.i Thé
metal chelate compounds are hydrophobic fine particles, but at
pH 8.0-13.0, they disperse in water with anionic or non—ion‘j.c
surfactants and are maintained as stable dispersions in water.
If the metai chelate compounds are instead made minute, they can

be suspended for relatively long periods without precipitation,

.even if a surfactant or the like is not used, and a physical

su-s,pension also can be created by ’stirring or agitation. Thus,
an aqueous lubricant can be realized that does not require any
oil or organic.solvent.

When the suspension or dispersion is coated onto either
or both a metal material surface and the molding side of a metal.
mold, a lubricating film is formed on thé coated surface. The
lubricating film adheres well to the surface and does not easily

peel from the surface during plastic working of themetal material.

It alsb has satisfactory lubricating properties and effectively

21
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prevents_seizing of the material and the mold. This lubricant
has the advantage of adhering well to the coated metal surface
as long as no oil is present on‘that surface, and also has the
feature of not requiring preparatory steps, suéh as degreasing
and washing. In addition, the lubricant requires no special
management and can be recycled, so that the only management
neceééary is re-supply of the consumed.portion. Stringent
washing is not required, even when electron beam welding is
performed after plastic wo;king.

A number of methods can be ﬁsed for the applidation, and
for example, application onto the surface of the material can
be accomplished by any desired method, such as immersion of the
material in the ;ubricant, painfing with a brush or spraying.
For application to- the molding side of the mold, the method
employed may be painting with a brush, spraying or the 1like.

The 1ubficant-coated material or mold may be permitted
tostandsothatthelubricantmaynaturallydry,butifnécessary,
it may be forcibly dried. ThemethodemployedfOrforciblydrYinQ
the lubricant may be any desired method, such as exposure to hot

air, preheating the material or mold or drying by high-frequency

'heating. The extent of drying can be adjusted, if necessary,

toachievetotaldrynessorpértialdryness. The extent of drying
can be adjusted, as desired, by varying the drying temperature
and drying time.

- The metal chelate compound may be produced in solution

22
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instead of preparing the metal chelate compound beforehand and
adding it to watexr. That is, the lubricant used can have one
or more chelating égents in whioh at least one of the coordinating
atoms is sulfur, and adding thereto a salt, oxide or hydroxide
of one or more metals selected from among zinc, manganese, iron,

molybdenum, tin and antimony and an anionic or non-ionic

"surfactant. This type of lubricant can be used in exactly the

same manner.
In the case of the metal chelate compounds represented
by chemical structures 1-28, chelate ligands, in which sulfur

is a coordinating atom, may be coordinated to all the coordination

sites of the metals. Alternatively, chelate ligands, in which

sulfur is a coordinating atom, may be coordinated to only some
of the coordination sites of the fnetals,‘ and other ligénds, in
which sulfﬁr is not a coordinating atom, are coordinated to the
remaining coordination sites. Suitable examples of ligands in
Which sulfur is not a coordir_lating atom are hydroxide ions;
condensed phosphate, polycarboxylic high molecular activators
and/or polyoxycarboxylic acid. Chemical structures 1-28 also
sbow compounds in which chelate ligands having sulfur as a
coordinating atom, as represented in the structures, ai'e
coordinated to only some of the coordination sites of the metals .
Whel;x a phosphate film has been formed on the metal surface,

and the metal is immersed in an agqueous solution of any of the

chelate ligands (the compounds adjacent to M in the structures)

23
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represented in chemical structures 1-28, the chelate ligand
having sulfur as a coordinating atom coordinates with the iinc
ion or iron ion present in the phosphate film to produce‘a
crystallinenmlti—ligahdnmtalchelatecompound<n1thephbsphate
film, which results in a lubricating effect.

When a phosphate £ilm h‘as been formed on the metal surface,
and the metal is immersed in an aqueous solution of a metal‘ chelate
corﬁpound in which a chelate ligand having sulfur as a coordinating
atom is coord;nated to only'some of thelcoordination sites of
the metal, while other chelate ligands are coordinated to the
remaining coordination sites, a crystalline polynuclear chelate
compound ‘is produced on the phosphate f£ilm, resulting in a
lubricating effect. .

| When the lubricating £ilm includes two or more different
types of metal chelate compounds, their lubricating effects are
synergistic, so that a highly satisfactory effect is achieved.

The lubricant described above forms a lubricating f£ilm

by strong adhesion to surfaces of primarily ‘iron, especially

'steel and iron alloys, but it can also be used for non-ferrous

metals, such as aluminum.

Various additives, such as pH adjusters, viscosity

controllers, preservatives, antiféaming'agents and the likelnéy

"also be added to the lubricant. It is particularly preferred

toaddsolublecondensedphosphatesalts,fattyacidsodiumsalts,

fatty acid potassium salts, soluble polycarboxylic high

24
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molecular activators and/or soluble polyoxycarboxylic acid
salts. These compounds increase the dispersability of the metal
chelate compound in water, and improve the adhesive strength of
the lubricating f:ilm to the metal surface.

Experimental examples will now be explained.

[Experimental Example 1]

150 g of zinc bis—(N,N—diethyldithiocarbamate) was added
to a prepared soiution of 20 g of sodium stearate in 100 ml of
warm water and the mixture was géntly stirred to produce an
aqueous lubricant. |

The following examples are -analogous aé agqueous

lubricants to this Experimental Example 1. - The metal

chelate compound is not limited to zinc bis-(N,N-
diethyldithiocarbamate), and ii: may be replaced with any of the
species represented by chemical structures 1-28, such as
N,N—dibutyidithiocart;amate oxymolybdenumsulfate. | |
Sodium stearate was used as the anionic or non-ionic
surfactant in this éxperimental example, but adjustment to pH
8.0-13.0 with any otl"ler' wéll-known anionic or non-ionic
surfactants, ‘such as sodium salts of fatty acids and/or potassium
salts of fatty acids, can effect adequate dispersion of the metal
chelate compound in water. A similar aqueous lubricant can be

obtained by making the metal chelate compound fine, adding water

and stirring it to create a suspension.

25
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[Experimental Example 2]

.A509/200mlaqueoussolutionofzincsulfateheptahydrate
was added to a 78 -g/300 ml aqgueous solution of sodium N,N-
diethyldithiocarbamate trihydrate, while stirring, to prepare
a suspension of zinc bis—(N,N;diethyldithiocarbamate).
Separatély, a suspension was created by dispersing iOO,g of
N,N-dibutyldithiocarbamate oxymolybdenumsulfate in a warm
solution (500 ml) containing 20 g of sodium stearate, 20 g of
sodium tripolyphosphate and 20 g of a polycarboxylic high
molecular activatbr. Both suspensioné were mixed together by
stirring to obtain an aqueous lubricant.

The following examples are analogous as aquebus
lubricants to this Experimental Example 2f In addition to the
agqueous solution of sodium N,ﬁ—diethyldithiocarbamate
trihydrate, the aqueous solution of zinc sulfate hydrate that
produces a metal chelate compound may be replaced with'another
water-soluble zinc salt or zinc hydroxide compOund. It may also
be replaced with a water-soluble salt of manganese, iron,
molybdenum, tin or antimony.» Experimental Example 2 differs
from Experimental Example 1 primarily‘in using a metal chelate
compound of two or more different metl:als , and zinc and molybdenum
are used hére. Any combination of two or more metals from amoné

zinc, manganese, iron, molybdenum, tin and.antimonyrmay'be used.

The chelate ligand used can be any of those represented in
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chemical structures 1-28.

Sodium tripolyphosphate need not be included, but its
addition will improve the dispersability of the metal chelate
compound. The polycarboxylic activator also need not be
included, but its addition will iﬁprove adhesion of the
lubricating film to the metal. A soluble polyoxycarboxylic acid
salt may be addéd instead of a polycarboxylic high ﬁolecular

activator.

[Experimental Example 3]
A solution of 45.3 g of sodium N,N-diethyldithiocarbamate

trihydrate and 8.5 g of sodium hydroxide dissolved in 200 ml of

,water was slowly poured into a 57.8 g/300 ml aqueous solution

of 2zinc sulfate heptahydraﬁe while stirring to prepare a
suspénsion - of zinc mono-(N,N-diethyldithiocarbamate) -
hydroxoaqua.

| Zinc‘mdno—(N,N;dietthdithiocarbéﬁéte)—hydroxoaqua has
a chelate ligand with sulfur as a coordinating atom strongly
coordinated to some of t.heA coordination sites of zinc, and sodium
hydroxide ion weakly coordinated to the remaining coordination
sites. Zinc _moho—(N,N-diethylditﬁ;ocarbamate)—hydroanqua
can be dispersed in water with a sodium fatty acid salt and/or
potassium fatty acid salt, such as sodiuﬁ stearate. |

The following examples are analogoué as . aqueous

lubricants to this Expérimental Example 3. The chelate ligand
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having sulfur as a coordinating atom that chelates to some of
the coordination sites of the metal can be replaced with any
desired ligand represented in chemical structureé 1-28. The
sodium hydroxide ion that coordinates to the remaining
coordination sites can be replaced witﬁ any other desired‘
hydroxide ion, except for sulfur.

As in the above experimental examples, soluble condensed

" phosphate salts, soluble polycarboxylic high molecular

‘activators and/qr soluble polyoxycarboxylic acid salts may be

added when necessary.

[Experimental Example 4]

18 g/100 ml of sodium tripolyphosphate was slowly’poufed
into a57.8 g/300ml agqueous solution of zinc sulfate heptahydrate
while stirring to prepare a suspenvsion of a zinc tripolyphosphate
crystalline precipitate. 45.3 g/200 ml of sodium N,N-
diethyldithidéarbamafé.tfihydrate waé then.slowly poﬁred into
thesuspénsion,whilestirring,1x>giveeacrystallineprecipitate
of zinc mono—(N,N-diethyldithiocarbamate)—triphosphate
(hereunder, "G"). |

Separately, a suspension was p;epared by dispersing 100
g of N,N-dibutyldithiocarbamate oxymolybdenumsulfate in a
solution of 20 g of sodium stearaté, 10 g of sodium

tripolyphosphateandlzg;ofeipolycarboxylicactivatordissolved

in 500 ml of hot water (hereunder, "H"). G and H were mixed
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together by stirring to obtain a yellow dispersion that was used
as a lubricant. )

The zinc mono—(N,N-diethyldithiocarbamate5-
triphosphate has a chelate 1ligand, with sulfur as a coordinating
atom, strongly coordinated to some of the coordination sites of
zinc, and sodium tripélyphosphate weakly coordinated to thel
remaining coordination sitesAvia an o#ygen anion. The species
weakly cdordinated_to the remaining coordination sites via the.
oxygen anion is not limited to a éondensed phosphate, such as
sodium tripolyphosphate, and it may be replaced .with a
polycarboxylic high molecular activator and/or
polyoxycarboxylic acid.

Experimental E#ample 4 differs from Experimental Example
3 primarily in using a metal chelate compound of two or more
different metals, and zinc and molybdenum are used here.
Alternatively, any combination of two or more mefals seleéted
from among zinc, manganese, iron, molybdenum, tin and antimony
may be used. For twé or more different metal chelate compounds,
they may both have chelate 1ligands, in which sulfur is a
coordinating atém, coordinated to some of the coordination sites
of thé metal, but as explained above, either of the metal chelate
compounds may also have a chelate 1ligand with sulfur as a
coordinating atom that -coordinates to all the coordination sites

of the metal. The chelate ligand used can be any of those

represented in chemical structures 1-28.
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[Experimental Example 5]

A metal ﬁaterial on which a phosphate f£ilm had already
been formed was immersed in a warm solution of 5% sodium
N,N-diethyldithiocarbamate (pH 10), and the crysﬁalline
multi-ligand zinc chelate compound produced on the phosphate film
was used as a lubricant.

By adjusting the pH to a range of 6.5-13.5, the sodium
N,N-diethYldithiocarbamate (ligand with sulfur as a
coordinating atqm)'céordinates with the zinc ion or iron ioh in

the phosphate film to produce a crystalline multi-ligand zinc

" or iron chelate compound on the phosphate f£ilm, thus forming a

lubricating film. The chelate ligands may be any desired ones

represented by chemical structures 1-28.

[Experimental Example 6]

A mixed aqueous solution (150 ml) Qf 31 g of Soaium
N,N-diethyldithiocarbamate trihydrate and 5.9 g of sodium
hydroxide was slowly poured into 40 g/200 ml of zinc sulfate
heptahydrate, while stirring, to prepare a suspension of zinc
mono—(N,N—diethyldithiocarbamate)—hydroxoaqua (hereunder,
"I") (pH 11.5-12.0). A metal rﬁaterial, on which a phosphate £ilm
had already been formed, was immersed in I at 40-50°C and stirred
for 30-60 seconds to produce a crystalline polynuclear zinc

chelate on the phosphate £ilm, which was used as the lubricating
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film.

A érystalline polynuclear zinc chelate can also be
disposed on the phosphate film by immersing the metal material
with a phosphate film already formed thereon in any of the
lubricants obtained in Experimental Eka.mples 1to 4 The chelate
ligand éan be any one represented in chemical structures 1-28,
and it is particularly preferred for a chelate ligand with sulfur
as a cbordinating atom to be coordinated to some of the
coordination sites of theumetal and chelate ligands without
sulfur coordinated to the remaining coordination sites. In such
cases,thesulfur—containingchelateligandcoordinateswiththe
metal whiie the non-sulfur-containing chelate ligand reacts with
the zinc ions or iron ions in the phosphate film to pfoduqe a
crystalline polynuclear metal chelate compound.

Each of the lubricants prepared in Examples 1-6 was coated
onto the perforated side of a perforated testing billet (fpr area
reduction éf 12%: a cylindrical member Qas uéed and having an
inner diameter of 15 mm, an outer diameter of 29°.9 mm and a length
of 50 mm), and dried by exposure to 150°C hot air for 60 seconds.
The time required for this treatment was about 2 minutes.

For.comparison, a phosphate film was formed on the same
type of billet and a metallic soap film was disposed on top of

the phdsphate film (Comparative Example 1). The time required

for this treatment was over 30 minutes.

For further comparison, a working oil (with lubricating
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adjuvant added) was coated onto the séme type of billet
(Comparative Example 2). The time required for this treatment
waé about 30 seconds.

Each of the billets was subjected to a ball-push test.
This test measured the load required for plastic deformation of
abillet when an iron ball with a larger diameter than the diameter
of the perforation.iﬁ the billet was forcibly pushed through the
billet perforation. The lubricating performance was evaluated
based upon the surface condition of. the innérAdiameter of the
billet. Ashalierloadindicatesmoresatisfactorylubrication,
allowing_smoother plastic deformation. fhe results (maximum
loads) are listed in the following table. In the table, the aréa
reductions are the rates of change in the billet perforations
before and after deformation, with larger wvalues indicating a
higher degree of deformation,.i.e. heavy working. It will be
appreciated that better lubrication is achieved when the surfacé

condition has no seizing or, where seizing occurs, the length

is shorter.

Values in table indicate loads (units: t)

Afea Reduction 6% 8% 10%

12% Treatment

~ . Time )
Exp. Example 1 19.625 |[NG NG NG 2 min.
Exp. Example 2 11.676 15.858 20.721 NG 2 min.
Exp. Example 3 13.930 16.710 NG NG 2 min.
Exp. Example 4 9.265 9.876 11.934 15.992 2 min.
Exp. Example 5 10.176 13.945 17.116 20.174 2 min.
Exp. Example 6 8.096 9.371 10.767 15.130 2 min.
Comp. Example 1 8.383 10.128 14.068 18.060 30 min.
Comp. Example 2 21.391 NG NG NG : 30 sec.
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In the table, NG indicates seizing between.the iron ball
and the billet, showing that a satisfactory sﬁrface condition
waé not obtained. Not all of the experimental»exampleé of the
invention were suitable for heavy working, ‘but light working was
possible in all of the experimental éxamples, and éatisfactory
lubricating performance was confirmed in ail of the experimental
examﬁles, as compared with using oil. Heavy working is also
possible by,approp;iate éelectionAamong the lubricants of the
invention. |

These examples confirm that results compérable to
Comparative Example 1 can be obtained with adeqguate functionality
by simple coating and formation of a lubricating £ilm. Beanse
the treatment times were only‘about 2 minutes, treatment i;
possible within a very short time. The performance difference
was particularly notable in comparison with Comparative Example
2, thus.confifming that working is pdssibie by these examples
even in cases in which working was not possible by Comparative

Example_z.

Effect of. the Inyention

With the lubricating solution of the invention, effective’
lubricating films can be formed by av simple application procéss, _
which filﬁs exhibit performance comparable to that achieved by

the troublesome and difficult procedure of forming phosphafe
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films and disposing metallic soap films on the metal object.
Because the present invention does not use oil, the problems qf
working environment contamination and the need for subsequent
degreasing treatmént do not occur. Because a simpie application

S is sufficient, a solution is' also provided to the problems of
large eciuipment requirements and the need to perform simultaneous
treatment of large volumes of materials. Ai)paratus can
therefore be installed for formatidn of lubricating films in the
narrow spaces adjacent to the apparatus for plastic working of

f£0 materials, forming the lubricating films in secjuence with the

= Plastic working apparatus cycles without requiring extra storage

between the two treatments, so that it becomes possible to shorten

- lead times.
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